In present we have been producing metallic nanoparticles with toxic and harmful chemicals which are more dangerous to environment. Therefore there is a need to develop environment friendly synthesis techniques without using toxic chemicals. In this work a simple and green/eco-friendly/chemical free biosynthesis of silver nanoparticles using C seed extract as reducing agents was prepared. Nanoparticles were characterized by UV-vis absorbance spectroscopy, XRD and SEM measurements. The metal ions reduction occurs very rapidly, and the reduction of Ag ions will be completed within 4 hours. The synthesized silver Nanoparticle distinct monodispersity as they show particle size between the ranges of 30-80 nm. The experimental study confirmed the formation of highly crystalline nanoparticles with uniform shape. Further, the antibacterial activity against the Bacillus subtilis was also evaluated for Elettaria cardamom seeds extract assisted silver nanoparticles and the later found to exhibit significant activity.
Introduction Nanotechnology
Nanotechnology ("nanotech") is the manipulation of matter on an atomic, molecular, and nano scale. The earliest, widespread description of nanotechnology [1, 2] referred to the particular technological goal of precisely manipulating atoms and molecules for fabrication of macro scale products, also now referred to as molecular nanotechnology. A more generalized description of nanotechnology was subsequently established by the National Nanotechnology Initiative, which defines nanotechnology as the manipulation of matter with at least one dimension sized from 1 to 100 nanometers. This definition reflects the fact that quantum mechanical effects are important at this quantum-realm scale, and so the definition shifted from a particular technological goal to a research category inclusive of all types of research and technologies that deal with the special properties of matter that occur below the given size threshold. Because of the variety of potential applications (including industrial and military), governments have invested billions of dollars in nanotechnology research. Through its National Nanotechnology Initiative, the USA has invested 3.7 billion dollars. The European Union has invested 1.2 billion and Japan 750 million dollars [3] . Nanotechnology as defined by size is naturally very broad, including fields of science as diverse as surface science, organic chemistry, molecular biology, semiconductor physics, micro fabrication, etc. [4] . The associated research and applications are equally diverse, ranging from extensions of conventional device physics to completely new approaches based upon molecular self-assembly, from developing new materials with dimensions on the nanoscale to direct control of matter on the atomic scale ( Figure 1 ).
Scientists currently debate on the future inventions of nanotechnology. Nanotechnology may be able to create many new materials and devices with a wide range of applications, such as in medicine, electronics, biomaterials and energy production. On the other hand, nanotechnology raises many of the same issues as any new technology, including concerns about the toxicity and environmental impact of nanomaterials [5] . These concerns have led to a debate among advocacy groups and governments on whether special regulation of nanotechnology is warranted.
Although there are some reports on the synthesis of AgNPs from fruits, to the best of our knowledge till date there is no report available on Elettaria cardamom seeds extract for the reduction of metal salts to get nanoparticles. As part of our contributions to the growing interest of biomediated synthesis of SNPs, we report for the first time an inexpensive one pot synthesis of AgNPs by green route at room temperature, stabilized in situ using Elettaria cardamom seed extracts.
Synthesis and characterization of silver nanoparticles and evaluation of their antibacterial activity
Nanotechnology deals with the materials at nanoscale and the nanoparticles are being considered as its fundamental building blocks. The nanoparticles exhibits completely new and improved properties as compared to their bulk counterpart due to variation in specific characteristics such as size, distribution and of the particles which give rise to larger surface area to volume ratio [6] . Metal nanoparticles have tremendous applications in the field of science and technology due to their unique electronic, mechanical, optical and magnetic properties [7] . In recent years the silver nanoparticles have greatly focused the researcher's attention because of their important application as antimicrobial, catalytic, textile fabrics and plastics to eliminate micro-organisms. The silver nanoparticles are specifically used as antibacterial/antifungal agents in biotechnology and bioengineering. They can be used for targeted drug delivery which is more effective and having fewer side effects as compared to its bulk counterpart. The silver nanoparticles can be synthesized by number of physical and chemical techniques [8] [9] [10] [11] . Unfortunately, many of these techniques are either expensive or involve the use of hazardous chemicals. Therefore there is a growing need to develop environment friendly synthesis techniques without using toxic chemicals. Bio-synthesis of nanoparticles is a fast growing research in nanotechnology.
Nowadays, plant extract has been used as reducing and capping agent for the synthesis of nanoparticles. The use of plant extract is more advantageous because it does not require elaborate processes such as intracellular synthesis and multiple purification steps or the maintenance of microbial cell culture [12] . The biosynthesis of silver nanoparticles using Azadirachta indica [12] , Cissus quadrangularis [12] , Catharanthus roseus [13] , Cinnamomum camphora [14] , Phoma glomerata [15] , Nicotiana tobaccum [15] and Elettaria cardamom [16] etc. have beenreported in literature.
Materials and Methods

Preparation of seed broth
Fresh Elettaria cardamom seeds ( Figure 2 ) were purchased from local market and are thoroughly washed with distilled water and dried at room temperature. The seeds were grinded to fine powder using modern pestle. About 20 g of freshly prepared dry seed powder was suspended in 150 ml of distilled water and boiled at 75°C temperature for 1.30 hour. Then filtered the solution through whatmann filter paper No.1 and the solution obtained was used as extract for further experimental work.
Synthesis of silver Nanoparticle
The silver nitrate (AgNO 3 ) was used as a precursor in the silver nanoparticle synthesis process. About 10 ml of Elettariacardamom seed extract was added to 40 ml of different concentration of AgNO 3 (0.14, 0.16, 0.18, 0.20 and 0.22 gm) aqueous solution in conical flask. The mixture was boiled at 75°C for 30 minutes, while heating the color of solution was changed from pale brown to dark brown. The reduction of Ag+ ions to Ag0 was monitored by measuring the UV-Vis spectrum of various concentration of reaction mixture (silver nitrate solution+ seed extract) (Figure 3 ).
Characterization studies
The reduction of silver metal ions to silver Nanoparticle was preliminary analyzed by using UV-visible Spectrophotometer (Perkin-Elmer) of wavelength about 360-700 nm at regular time intervals. After that, the solution mixture (Seed extract and Silver nitrate) was centrifuged at 15,000 rpm for 20 min and repeated the centrifugation process for 3 to 4 times and filtered the resulting solution through whatman No.1 filter paper and dry the pellet in hot air oven. Furthermore, the dried particles were characterized by (SEM) were performed using a Philips model CM 200 instrument to study the morphological nature of the nanoparticle. The X-ray diffraction patterns were recorded on an X-ray diffractometer. The XRD pattern proposes the crystalline nature of the Ag Nanoparticle synthesized from aqueous extracellular Elettaria cardamomum seed extract.
Results and Discussion
UV-Visible spectroscopy
UV-Visible spectroscopy is an important technique to determine the formation and stability of metal Nanoparticle in aqueous solution. The reaction mixture changes the color by adding various concentrations of metal ions. These color changes arise because of the excitation of surface Plasmon vibrations in the silver nanoparticle. It shows yellowish to dark brown in color (Figure 4) . The dark brown color of silver colloids accepted to surface Plasmon resonance (SPR) arising due to the group of free conduction electrons induced byan interacting electromagnetic field. The strong surface Plasmon resonance band appears at the range of 440-480 nm and the broadening of peak indicated that the particles are monodispersed.
SEM (Scanning Electron Microscope)
After the reduction of silver ions by the Elettaria cardamom seed extract, the solution was centrifuged at 10,000 rpm for 15 min. Repeat the centrifugation process to separate silver nanoparticle free from other organic compounds present in solution. The Ag Nanoparticle pellet obtained after centrifugation were redisposed in distilled water and washed for 2 or 3 times. The synthesized Nanoparticles morphology were characterized by scanning electron microscope, this micrograph was taken using a Philips model CM 200 instrument. The silver Nanoparticle formed were predominantly spherical with uniform shape ( Figure 5 ). It is known that the shape of metal Nanoparticle considerably change their optical and electronic properties. The SEM image exposed that the formed nanoparticle was spherical in shape formed with the size range of 40-70 nm.
X-Ray diffraction
A representative XRD profile of the silver nanoparticle displaying the structural information and crystalline nature of the silver Nanoparticle synthesized from aqueous extracellular E. cardamom seed extract. The XRD measurements of film of the biologically synthesized silver Nanoparticle cast onto glass slides were done and examined on a Phillips PW 1830 instrument ( Figure 6 ). The XRD pattern showed three intense peaks at 38°, 47°, and 77° corresponding to 111,200 and 311 planes in the whole spectrum of 2θ. The average particle size of the silver Nanoparticle was identified by using the following DebyeScherer's equation (1) and it follows (Table 1) .
Antibacterial activity of various concentrations of Ag nanoparticle
The exact mechanism of the antibacterial effect of silver ions is partially understood. Literature survey reveals that the positive charge on the Ag ion is crucial for its antimicrobial activity. The antibacterial activity is probably derived, through the electrostatic attraction between negative charged cell membrane of microorganism and positive charged Nanoparticles [17] [18] [19] [20] . However, Sondi and Salopek-Sondi [21] reported that the antimicrobial activity of silver Nanoparticles on Gram-negative bacteria was dependent on the concentration of Ag Nanoparticles and was closely associated with the formation of pits in the cell wall of bacteria. The antibacterial efficacy of the biogenic silver Nanoparticles reported in the present study may be ascribed to the mechanism described above but it still remains to clarify the exact effect of the Nanoparticles on important cellular metabolism like DNA, RNA and protein synthesis (Figure 7 ).
Effect of Ag-NPs on protein leakage from bacterial cell membranes
It was found that Ag-NPs could enhance protein leakage by increasing the membrane permeability of S. aureus and E. coli cells. Initially, protein leakage from the membranes of S. aureus cells treated with Ag-NPs was almost the same as that from cells in the control group. At 6 h after incubation, protein leakage from cells treated with Ag-NPs considerably increased; however, there was no change in the amount of protein leakage from cells in the control group. Leakage from cells treated with Ag-NPs was significantly higher than that from cells in the control group. Furthermore, the initial protein leakage from the membranes of E. coli cells treated with Ag-NPs was almost the same as that from cells in the control group. At 6 h after incubation, protein leakage from E. coli cells treated with Ag-NPs was significantly increased compared to that from cells in the control group, indicating that AgNPs can increase membrane permeability. Notably, higher amounts of proteins leaked through the E. coli membranes compared to those through the S. aureus membranes, suggesting that the antibacterial sensitivity of the Gram-positive S. aureus was lower than that of the Gram-negative E. coli [22, 23] . This difference was possibly attributable to the thickness of the peptidoglycan layer of S. aureus; an essential function of the peptidoglycan layer is to protect against antibacterial agents such as antibiotics, toxins, chemicals, and degradative enzymes. This result was consistent with the results of previous studies.
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Conclusion
In the present investigation, a facile, environmentally benevolent green synthetic route is used for synthesis of silver Nanoparticle. The Phytofabrication of silver nanoparticle by using seed extract of E. cardamom without involvement of any toxic chemicals. The metal ions reduction occurs very rapidly, and the reduction of Ag ions will be completed within 4 hours. The synthesized silver Nanoparticle distinct monodispersity as they show particle size between the range of 30-80 nm. Water soluble heterocyclic compounds such as flavones were mainly responsible for the reduction and stabilization of the Nanoparticle. Assessment on the antibacterial effect of nanosized silver colloidal solution against Bacillus subtilis and Klebsiella plantcola reveals high efficacy of silver Nanoparticle as a strong antibacterial agent. The present used seeds of E.cardamomom as a source which is easily obtainable and extensively useful in biomedical application.
